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(54) BATTERY CHARGEABLE AND DISCHARGEABLE REVERSIBLY FOR PLURAL TIMES 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve the energy density per unit volume and prevent 
occurrence of short circuit and ignition by utilizing as a negative electrode active material a 
material produced by coating the surface of a carbon based material, to and from which 
lithium is intercalated and released, with a specified oxide. 

SOLUTION: In a secondary battery containing a non-aqueous electrolytic solution, a material 
produced by coating the surface of a carbon-based material, to and from which lithium is 
intercalated and released, with an oxide containing one or more elements selected from Li, 
Ge, Sn, Pb, Sb, Bi, B, Al, Si, and In is used as a negative electrode active material. As the 
carbon based material, to and from which lithium is intercalated and released, natural 
graphite, artificial graphite, pitch coke, hollow carbon molecule, amorphous carbon, etc., may 
be usable. By using this battery, a system can be made compact. A .battery in which short 
circuiting due to dendrite hardly occurs and which has a long life and high safeness is thus 
obtained. 
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* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The cell using the negative electrode and it which are characterized by using what covered the 
oxide containing at least one sort chosen as the surroundings of the material which makes a subject the 
carbon which inserts a lithium in the negative-electrode active material in this negative electrode, and is 
emitted to it from Li, germanium, Sn, Pb, Sb, Bi, B, aluminum, Si, and In about the cell which consists 
of nonaqueous electrolyte containing a negative electrode, a positive electrode, lithium salt, and in 
which the charge and discharge of multiple times are possible in reversible. 

[Claim 2] The cell using the negative electrode and it according to claim 1 which are characterized by 
this oxide being amorphous. 

[Claim 3] The cell use system using a negative electrode or a cell given in a claim 1 or 2. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the cell in which the charge and 
discharge of multiple times are possible in reversible, especially relates to the rechargeable battery using 
nonaqueous electrolyte. 
[0002] 

[Description of the Prior Art] In recent years, the rechargeable battery is one of the important 
indispensable components as power supplies, such as a personal computer and a cellular phone, or an 
electric vehicle and the power supply for power storage. 

[0003] A miniaturization and lightweight-ization are mentioned as a demand for which mobile 
communications (mobile computing), such as a carried type computer (what is called pen computer is 
included), and a Personal Digital Assistant (Personal Digital Assistant, Personal Intelligent 
Communicator, or handheld computer communicator), are needed. However, a difficult situation has 
miniaturization of a system from points, like that the power consumed by the back light of a liquid 
crystal display panel or drawing control is high, and die present condition of the capacity of a 
rechargeable battery is still inadequate. 

[0004] Furthermore, the electric vehicle which makes neither exhaust gas nor noise with a rise of global 
environment problems attracts the interest. However, troubles, like acceleration nature with the bad 
stability of the body with a narrow space in the car is bad have arisen from the volume which a cell's 
occupies to the body being very large, and the AUW of a cell being remarkably heavy etc. It is the cause 
that these also have the low energy density of a rechargeable battery. 

[0005] In order to make the miniaturization of the system using the rechargeable battery realize, it is 
necessary to make the energy density of a rechargeable battery increase from present further. Although 
the alloy using nonaqueous electrolyte using a lithium metal, a sodium metal, and these as a negative- 
electrode material for rechargeable batteries is typical, a lithium metal and a sodium metal deposit 
between charges and discharges at arborescence, and it has the fault which causes an internal short 
circuit or ignites. On the other hand, since neither a lithium metal nor a sodium metal deposits in 
arborescence, material which makes a subject the advantageous carbon which can carry out insertion 
discharge of the lithium in reversible in respect of safety is put in practical use. Since the fault of this 
material has low true density, that the energy density per volume is low has it. In order to attain high- 
energy density-ization, it is necessary to raise the energy density per volume which the carbon material 
has. For example, it is using the mixture (JP,8-7886,A) using the granular object (JP,7-326345,A) which 
has the laminated structure of the lithium system metal layer and carbon layer which form in the front 
face of a carbon layer the porous layer which consists of a lithium alloy in the negative electrode for 
lithium secondary batteries (JP,7-326342,A) which consists of a graphite and a lithium content metallic 
oxide etc. 
[0006] 

[Problem(s) to be Solved by the Invention] In order to make the energy density of the rechargeable 
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battery using nonaqueous electrolyte increase from present further, improvement in the volume energy 
density of the negative-electrode material for rechargeable batteries is required. By forming in the front 
face of a carbon layer the layer which consists of a lithium alloy with the high energy density per 
volume, improvement in an energy density is expectable. However, in order that a lithium alloy may 
tend to form an arborescence sludge, the problem in the field of safety remains. It is the same when 
using the granular object which has the laminated structure of a lithium system metal layer and a carbon 
layer. Moreover, when using the mixture which consists of a graphite and a lithium content metallic 
oxide, and a lithium content metallic oxide with the high energy density per volume exists, an energy 
density increases. However, since charge action potential, i.e., lithium insertion potential, differs, if the 
lithium content metallic oxide is not uniformly mixed with a graphite, a lithium will deposit as a metal 
locally and it will be easy to cause accident, such as a short circuit and ignition, by the graphite and the 
lithium content metallic oxide. 

[0007] Thus, the method effective in aiming at improvement in the volume energy density of the 
negative-electrode material for rechargeable batteries is seldom found out. 

[0008] It aims at offering a high negative-electrode material for rechargeable batteries of the safety 
which the energy density of this invention per volume improves from the conventional thing, and has 
neither a short circuit nor ignition. 
[0009] 

[Means for Solving the Problem] The cell and negative electrode of this invention are characterized by 
using what covered the oxide containing at least one sort chosen as the surroundings of the material 
which makes a subject the carbon which inserts a lithium and is emitted as a negative-electrode active 
material from Li, germanium, Sn, Pb, Sb, Bi, B, aluminum, Si, and In. As a material which makes a 
subject the carbon which inserts a lithium and is emitted, there are natural graphites (a phosphorus-like 
graphite, a phosphorus flaky graphite, earthy graphite, etc.), an artificial graphite, petroleum system 
pitch coke, coal pitch coke, a hollow-like carbon-content child (fullerene), a hollow-like carbon fiber 
(nanotube), amorphous carbon, etc. You may use what supported or galvanized metals, such as silver, 
tin, copper, zinc, and lead, for these carbon. The oxide containing at least one or more sorts chosen as 
the front face of these carbon from Li, germanium, Sn, Pb, Sb, Bi, B, aluminum, Si, and In is covered. 
There is a method of making an oxide layer form in a carbon front face etc. by making it unite 
mechanically, making the front face of the method by the dry process which makes a carbon front face 
cover an oxide layer with a spatter etc., using the target of an oxide as a method of covering, the method 
of heat-treating a metal by the oxidizing atmosphere, electrolysis plating or after carrying out electroless 
plating, and making a front face cover an oxide film, and carbon mix the oxide of a particle. As a 
configuration of covering, even if it covers a carbon front face in the shape of a film, two or more 
particles may adhere to a carbon front face granular. When the amount to cover is expressed with the 
weight ratio of an oxide to carbon, it is the range of 80/20 to 20/80 preferably, is the range of 60/40 to 
40/60 still more preferably, and is the range of 45/55 to 55/45 most preferably. As for this range, it is 
good to choose the field where the service-capacity property of carbon and the service-capacity property 
of an oxide become almost equivalent. For example, when service capacity uses the thing of 200 mAh/g 
for carbon and service capacity uses the thing of 800 mAh/g for an oxide, the weight ratio of an oxide to 
carbon is made into 20/80. Thereby, the service-capacity property of carbon and the service-capacity 
property of an oxide become almost equivalent. Since it does not say that only one material is extremely 
used by making capacity of carbon and an oxide into an almost equivalent capacity, it is hard to generate 
a dendrite and the negative-electrode material of a compound die without risk, such as a short circuit and 
ignition, is obtained. It is used in the field in which both service capacity becomes equivalent so that the 
energy density per weight and the energy density per volume may not fall greatly by both mixture, and 
so that there may be no current concentration which takes place by using only one material extremely. 
Moreover, since the oxide is mixed by covering on a carbon front face and the oxide is distributing 
uniformly compared with the usual mixed method, it is hard to generate a dendrite, this invention cannot 
attain the formation of high-energy density, and the reinforcement of a cycle according to the synergistic 
effect of the advantage both material, and a carbon independent or an oxide independent are not 
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obtained. 

[0010] Furthermore by this invention, it is characterized by this oxide being amorphous. A lithium 
inserts the charge reaction as a negative electrode of an oxide in elements, such as Li, germanium, Sn, 
Pb, Sb, Bi, B, aluminum, Si, In, etc. which exist in the matrix of oxygen, and the form dissolved or 
alloyed disorderly. Therefore, the oxide after a lithium inserts is made amorphous. Therefore, even when 
the oxide to be used is amorphous, it is good. The charge potential of this amorphous oxide can be 
incorporated in an amorphous oxide layer, without carrying out the dendrite deposit of the lithium which 
was not incorporated in carbon by covering on the periphery of carbon since it is low compared with the 
charge potential of carbon. 

[001 1] As the electrolytic solution, for example Propylene carbonate, a propylene carbonate derivative, 
ethylene carbonate, butylene carbonate, vinylene carbonate, gamma butyl lactone, dimethyl carbonate, 
diethyl carbonate, methylethyl carbonate, 1, 2-dimethoxyethane, 2-methyl tetrahydrofuran, a dimethyl 
sulfoxide, 1, 3-dioxolane, a formamide, a dimethylformamide, a dioxolane, an acetonitrile, a 
nitromethane, methyl formate, methyl acetate, a methyl propionate, an ethyl propionate, trialkyl 
phosphate, trimethoxy methane, a dioxolane derivative, Diethylether, 1, 3-propane ape ton, a sulfolane, 
3-methyl-2-oxazolidinone, a tetrahydrofuran, a tetrahydrofuran derivative, a dioxolane, At least one or 
more non-aqueous solvents chosen from the group which consists of 1, 2-diethoxy ethane, these 
halogenides, etc., and lithium salt, for example, LiC104, LiBF4, and LiPF6, LiCF3 - S03 and LiCF3 ~ 
C02 and LiAsF6 — LiSbF6 and LiBlO — by using a mixed solution with at least one or more salts 
chosen from the group which consists of C110, LiAlC14, LiCl, LiBr, Lil, a low-grade aliphatic 
carboxylic-acid lithium, a chloro borane lithium, 4 phenyl lithium borate, etc. The negative-electrode 
active material of this invention shows a good property. 

[0012] Be [ what is necessary / just although a lithium can be inserted and emitted as a positive active 
material ], it is a lithium content transition-metals oxide preferably. For example, it is LixMn 204, 
LixCo02, LixNi02 and LixMn02, and LixMaNi(l-a) 02 (one or more elements from which M was 
chosen among Co, V, Mn, Fe, B, Mg, aluminum, Cu, and Cr, a= 0.01-0.95). 
[0013] The use of the cell of this invention in which charge and discharge are possible in reversible 
Although not limited especially for example, a notebook computer, a pen input personal computer, a 
pocket personal computer, a note type word processor, a pocket word processor, an Electronic Book 
player, a cellular phone, and a cordless phon ~ a cordless handset, a pager, a handy terminal, a pocket 
copy, an electronic notebook, a calculator, a liquid crystal television, and an electric shaver — A power 
tool, an electronic translating machine, a car telephone, a transceiver, a voice input device, memory 
card, a backup power supply, a tape recorder, radio, a headphone stereo cassette tape recorder, a pocket 
printer, a handy cleaner, portable CD, a video movie, The power supply for devices, such as a navigation 
system As power supplies, such as a refrigerator, air-conditioner, television, stereo, calorifier, oven 
microwave oven, tableware washing machine, washing machine, oven, game machine machine, lighting 
device, toy, load conditioner, medical equipment, automobile, electric vehicle, golf khat, electric khat, 
and power storage system It can be used. Moreover, it can use also as the object for munitions besides a 
noncommercial use, and an object for space. 

[0014] The energy density per volume can be improved by using the cell of this invention. Thereby, 
miniaturization of a system can be attained. Moreover, dendrite short-circuit cannot take place easily, it 
is long lasting and the high cell of safety is obtained. 
[0015] 

[Embodiments of the Invention] Although an example is given below and this invention is explained in 
more detail, unless the main point of invention is exceeded, this invention is not limited to an example. 
[0016] (Example 1) As a negative-electrode material, as covering material covered to this, weighing 
capacity of (1) SnSi03(2) aluminum203(3) SnO(4) Sn02(5) PbO(6) Sb203(7) LiBi02(8) Ge02(9) B- 
203(10) In 203 was carried out to the artificial graphite so that it might be set to 1 : 1 by the weight ratio, 
respectively. This was rotated in rotational frequency 250rpm and Ar atmosphere for 15 hours using the 
planet ball mill, and the graphite front face was made to cover covering material. This powder was 
applied to both sides of copper foil with a thickness of 30 microns for the polyvinylidene fluoride after 
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30-minute **** with the stone milling machine using the mixture prepared 7% of the weight as 93 % of 
the weight and a binder. In a positive electrode, it is LiCo02. Powder was used and this was applied to 
both sides of aluminum foil with a thickness of 20 microns after 30-minute **** with the stone milling 
machine using the mixture which prepared acetylene black as an electric conduction agent 87% of the 
weight, and prepared the polyvinylidene fluoride 7% of the weight as a binder 6% of the weight. After 
positive/negative two poles carried out rolling molding with the press machine and carried out spot 
welding of the terminal, the vacuum drying of them was carried out at 150 degrees C for 5 hours. The 
laminating of a positive electrode and the negative electrode was carried out through the separator made 
from fine porosity polypropylene, this was wound spirally, and it inserted in the cell can made from 
aluminum. The negative-electrode terminal was welded to the cell can, and the positive-electrode 
terminal was welded to the cell lid. In the electrolytic solution, it is one mol. LiPF6 What was dissolved 
in the mixed solution of 11. ethylene carbonate and diethyl carbonate was used, and it poured in in the 
cell can. The cylindrical cell of 1400mAh capacity was produced for the cell lid in total. The constant- 
current charge and discharge to which a cell discharges to 4.2V by 280mA, and discharges to 2.7V by 
280mA after charge were performed, and the cycle life and the volume energy density were evaluated. A 
result is shown in Table 1 . 
[0017] 
[Table 1] 

8 1 





« 3 # n 


(Wh/ 1 ) 


(@) 


mm i 


S n S i 0 3 


340 


4 5 0 




A 1 2 O s 


320 


4 8 0 




SnO 


380 


4 7 0 




S n0 2 


360 


4 6 0 




P bO 


320 


480 




S b 2 0 3 


34 0 


4 50 




L i B i 0 2 


3 7 0 


4 8 0 




GeO z 


3 30 


4 7 0 




B 2 0 3 


34 0 


4 5 0 




1 n 2 0 3 


3 5 0 


4 90 






24 0 


4 50 


MSM2 


SnO 


34 0 


12 0 




SnO 


2 8 0 


280 



[001 8] (Example 1 of comparison) It applied to both sides of copper foil with a thickness of 30 microns 
using the mixture which prepared the artificial graphite as a negative-electrode material, and prepared 
the polyvinylidene fluoride 7% of the weight as a binder 93% of the weight. The cell was produced like 
the example 1 . The result of a cycle life and a volume energy density is shown in Table 1 . It compares 
with an example 1 and a volume energy density is a low. 

[0019] (Example 2 of comparison) It applied to both sides of copper foil with a thickness of 30 microns 
after 30-minute **** with the stone milling machine using the mixture which prepared SnO for the 
artificial graphite 47% of the weight as a negative-electrode material, and prepared the polyvinylidene 
fluoride 7% of the weight as a binder 46% of the weight. The cell was produced like the example 1 . The 
result of a cycle life and a volume energy density is shown in Table 1 . As compared with the example 1 , 
the life was short, and the DIN dry sludge of a lithium was observed on the negative-electrode front face 
after demolition. 

(Example 3 of comparison) As a negative-electrode material, weighing capacity of an artificial graphite 
and the SnO was carried out so that it might be set to 85:15 by the weight ratio. The graphite front face 
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was made to cover SnO with the same conditions as an example 1 for this using a planet ball mill. This 
powder was applied to both sides of copper foil with a thickness of 30 microns for the polyvinylidene 
fluoride after 30-minute **** with the stone milling machine using the mixture prepared 7% of the 
weight as 93 % of the weight, 10 % of the weight, and a binder. The cell was produced like the example 
1 . The result of a cycle life and a volume energy density is shown in Table 1 . As compared with the 
example 1, the life was short, and the DIN dry sludge of a lithium was observed on the negative- 
electrode front face after demolition. Moreover, it compares with an example 1 and a volume energy 
density is also a low. 

[0020] (Example 2) As the amorphous carbon which supported Ag as a negative-electrode material, and 
covering material covered to this, weighing capacity of (1) SnSi03(2) aluminum203(3) SnO(4) Sn02 
(5) PbO(6) Sb203(7) LiBi02(8) Ge02(9) B-2O3(10) In 203 was carried out so that it might be set to 
1:1 by the weight ratio, respectively. The alloy front face was made to cover like an example 1, and the 
cell was produced using this. The result of a cycle life and a volume energy density is shown in Table 2. 
[0021] 



[Table 2] 
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(Wh/I) 


(0) 




SnS 1 O3 


380 


480 




A l 2 0 3 


390 


4 00 




SnO 


4 10 


460 




S n O e 


3 50 


4 2 0 




PbO 


360 


4 7 0 




S b 2 Os 


3 80 


4 2 0 




L i B i Oj 


3 90 


4 6 0 




G © 0 2 


380 


4 10 




B 2 0 3 


3 6 0 


4 5 0 




1 n 2 0 3 


34 0 


490 



[0022] 

[Effect of the Invention] According to this invention, since a volume energy density can improve, 
miniaturization of a cell can be attained. 



[Translation done.] 
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